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ABSTRACT
In India, agricultural development is a major factor in both economic expansion and the enhancement of rural livelihoods. Non-governmental organizations (NGOs) have become essential middlemen in the spread of agricultural innovations, especially in areas with limited resources and a rural population. Their contribution to market facilitation, technology transfer, capacity building, and consulting services has been crucial in closing the gap between agricultural communities and research institutes. The contributions of NGOs to the advancement of agricultural innovations in Andhra Pradesh's North Coastal area with a variety of agroclimatic conditions and socioeconomic dynamics are the main focus of this research. This study aims to give a thorough knowledge of NGO-led agricultural extension and its potential to improve farmer productivity, sustainability, and rural lives by examining case studies and current research. The results will be used to inform strategies and policy suggestions for enhancing NGO contributions in agricultural development. The study investigates the socioeconomic characteristics of farmers who gain from NGO initiatives, looking at variables that affect technology adoption, including income status, landholding size, education levels, and extension contacts. Additionally, it evaluates important factors that affect NGO effectiveness, such as partnerships, governance, community involvement, organizational capability, and technology integration. To learn more about farmers' perspectives, levels of trust, and readiness to embrace new farming methods, their attitudes toward NGO-led projects are examined. NGOs encounter several obstacles in spite of their noteworthy contributions, such as insufficient financial resources, administrative restraints, technology restrictions, and opposition from traditional agricultural groups. In order to increase the efficacy of agricultural technology distribution, this study emphasizes the necessity of developing NGO capacity, improving digital tools for extension, encouraging multi-stakeholder cooperation, and putting supporting policies into place. This assessment offers useful insights for policymakers, development practitioners, and extension experts who want to improve sustainable agricultural development through NGO-led efforts by assessing the current framework and pinpointing opportunities for improvement.
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1. INTRODUCTION
Agricultural technologies have long been promoted by governments and development organizations as effective ways to increase farm productivity and reduce poverty. However, the adoption of many seemingly beneficial technologies remains low (Ruzzante et al., 2021). In India, agricultural development is a major factor in both economic expansion and the enhancement of rural livelihoods. The effective transfer of agricultural technology among farmers is a major factor in the success of agricultural transformation (Saha & Bahal 2015).  Technologies like AI-driven precision agriculture, blockchain for traceability, and renewable energy applications are transforming resource efficiency and sustainability, driving agricultural growth (Huang & Wang, 2024). However, the successful transmission and acceptance of these technologies are frequently hampered by a number of obstacles, including a lack of knowledge, insufficient extension services, and socioeconomic limitations (Barakabitze et al., 2015). Non-Utilization of digital tools increases the adoption of innovations through improving the ability of the farmers to take up new challenges, as well as guaranteeing access to beneficial sales outlets for their farm produce. Digitalization has led to an increase in food security while reducing agricultural environmental footprints (Izuogu et al., 2023). Governmental Organizations (NGOs) have become important change agents in this setting by establishing a link between farming communities, policymakers, and research institutions (Lewis et al., 2020). The North Coastal Region of Andhra Pradesh, comprising the districts of Srikakulam and Vizianagaram, is characterized by diverse agro-climatic conditions, small and marginal landholdings, and a predominantly agrarian economy (Thirupalu & Muninarayanappa 2025). Farmers in this region face numerous challenges, including erratic rainfall, soil degradation, limited access to modern agricultural inputs, and market fluctuations. To address these issues, NGOs actively engage in technology dissemination, capacity building, farmer training, and sustainable agricultural practices (Copestake & Wellard 2024). The purpose of this review study is to evaluate how NGOs contribute to the spread of agricultural innovations in Andhra Pradesh's North Coastal Region. It assesses NGOs' efficacy in influencing farmer adoption behaviour, their participation in information transmission, and their cooperation with extension agencies (Naik, 2014). The socioeconomic characteristics of the farmers who get the assistance, the obstacles that non-governmental organizations encounter, and the elements that influence their effectiveness in disseminating technology are also examined in this research (Mwangi, 2016). This study aims to give a thorough knowledge of NGO-led agricultural extension and its potential to improve farmer productivity, sustainability, and rural lives by examining case studies and current research (NGIDO, 2023). The results will be used to inform strategies and policy suggestions for enhancing NGO contributions in agricultural development (Farrington & Lewis 2014).
2. Role of NGOs in Agricultural Technology Dissemination
NGOs are essential to the spread of agricultural technology because they serve as a bridge between rural communities, extension offices, and research institutes. Their contributions are diverse and include technology transfer, market connections, consultancy services, farmer training, and capacity building (Ferris et al., 2014). One of the main ways that NGOs help spread technology is by implementing capacity-building programs. They host workshops, field demonstrations, and training sessions to inform farmers about cutting-edge farming methods (Weimer, 2018). These initiatives support the adoption of sustainable and climate-resilient farming practices, increase farmers' technical expertise, and boost their ability to make decisions. NGOs also work to empower small-scale and marginal farmers by offering practical training that is adapted to meet their unique requirements (Nwaka & Nwaka 2021). The creation of Farmer Field Schools (FFS), where farmers receive experience learning, is a key extension strategy employed by NGOs (Butt et al., 2015). By encouraging interactive education, these institutions give farmers hands-on experience with a range of technologies, including precision farming, integrated pest control, and soil health management (Athuman, 2023). By promoting peer-to-peer learning and group decision-making, the FFS model improves farmers' problem-solving skills (Shekmohammed et al., 2023). NGOs offer advisory services by providing technical advice on better agricultural methods, input management, and climate adaption tactics in addition to training programs (Antwi-Agyei & Stringer 2021). These services include on-the-spot assistance via digital extension tools, farmer helplines, and mobile advisory platforms Kiambi, 2018). To guarantee that farmers obtain information that is both locally relevant and supported by science, several NGOs work with agribusiness companies, government extension agencies, and research institutes (Buadi et al., 2013). NGOs are essential in helping farmers connect with markets in addition to imparting expertise. Nongovernmental organizations (NGOs) facilitate market access and price realization by linking smallholder farmers with buyers, cooperatives, and agribusiness companies (Wortmann, 2019). In order to increase farmers' negotiating power, boost value-added agricultural businesses, and enhance supply chain efficiency, they frequently create farmer producer organizations, or FPOs. Technology transfer is another crucial role of NGOs since they serve as a bridge between rural communities and research institutes (Shree & Vaishnavi 2022). NGOs support pilot programs and on-farm experiments to evaluate the viability of organic agricultural practices, precision agriculture, and novel crop types (Malik & Kajale 2024). By using participatory methods, they guarantee that technical advancements are economically feasible, socially acceptable, and tailored to local circumstances (Kumar & Nikhitha 2024). All things considered, NGOs are essential to closing the knowledge gap, enhancing farmers' technical proficiency, and promoting agricultural growth (Shrivastava & Shrivastava 2022). By making contemporary agricultural innovations more available to farming communities in Andhra Pradesh's North Coastal Region, their initiatives improve rural lives, increase the rate of adoption of new technologies, and contribute to food security (Shree & Vaishnavi 2022).
3. Socio-Economic Profile of Beneficiary Farmers
Farmers' socioeconomic traits have a big impact on their capacity to accept and use agricultural technology that is promoted by non-governmental organizations (NGOs). Comprehending these elements aids in evaluating how well NGO initiatives improve agricultural sustainability and production (Copestake & Wellard 2024). The effectiveness of technology distribution initiatives is largely dependent on important socioeconomic factors, including age, education, landholding size, income levels, extension contact, and social engagement (Lewis et al., 2020).
	Socio-Economic Factor
	Influence on Technology Adoption
	NGO Interventions & Implications

	Age
	Adoption rates are greater among younger farmers (those under 40) because they are more flexible and receptive to new ideas. Traditional methods are typically used by older farmers (Liu et al., 2018).
	NGOs work to improve long-term sustainability by including young farmers through leadership initiatives, contemporary training programs, and digital technologies (Bullock et al., 2020).

	Education
	Secondary and higher educated farmers are more open to new technology and scientific farming practices. Extension message understanding is enhanced by literacy (Qin et al., 2022).
	To increase accessibility, NGOs support literacy initiatives, disseminate easily navigable resources, and offer mobile advising services (Unay-Gailhard & Brennen 2022).

	Land Holding
	Smallholders struggle with resource limitations, whereas large landowners have greater financial resources to test new technology (Woodhouse, 2013).
	NGOs provide small and marginal farmers with group-based training, financial assistance, and subsidies as part of their tailored initiatives (Fan & Rue 2020).

	Income Levels
	Higher-income farmers are able to purchase contemporary inputs such as precision agriculture, automation, fertilizers, and HYV seeds. Farmers with low incomes find it difficult to make ends meet (Jack, 2013).
	NGOs bring in cost-effective innovations including cooperative agricultural models, climate-resilient cropping methods, and inexpensive biofertilizers Masere, 2015).

	Extension Contact
	Regular engagement with agronomists, extension agents, and non-governmental organizations raises awareness and boosts confidence in implementing new methods (Agwu et al., 2023).
	
NGOs provide digital advising platforms, farmer field schools, and community-based extension networks to guarantee consistent participation (Bandewar et al., 2017).

	Social Participation
	Farmers that participate in cooperatives, farmer producer organizations, and self-help groups (SHGs) have greater rates of technology adoption because of the shared learning that occurs within these groups (Sennuga & Oyewole 2020).
	NGOs promote collective bargaining tactics, peer-to-peer learning, and participatory decision-making as ways to improve social involvement (Arulmanikandan & Vaishnavi 2024).


Table 1: Relationship Between Socio-Economic Factors and Agricultural Technology Adoption
4. Factors Influencing NGO Performance in Agricultural Technology Dissemination
Numerous variables influence how well NGOs operate in the distribution of agricultural technology and how well they bridge the gap between farmers and research institutes. Organizational capacity is important because extension activities may be carried out more effectively by NGOs with qualified staff and adequate funding (Banks et al., 2015). Their capacity to implement and maintain agricultural innovations is improved by institutional support, financing availability, and well-trained extension workers.  Another important element affecting NGO success is community participation (Suvedi & Kaplowitz 2016). The effective adoption of new technology is enhanced when farmers actively engage in training and decision-making processes. NGOs tend to have a bigger influence on agricultural practices when they promote participatory approaches through interactive learning sessions and farmer field schools (Barakabitze et al., 2017). NGOs are guaranteed to function honestly and produce outcomes effectively via effective governance and accountability. Organizations that have well-defined goals, accountable leadership, and transparent operational frameworks are better equipped to uphold stakeholder confidence, get funding, and carry out long-lasting initiatives (Lokman et al., 2023). Agricultural extension services have been revolutionized by technological innovation, and in order to reach a larger audience, NGOs are increasingly using digital platforms, mobile-based advising systems, and ICT tools. Farmers are now able to make better decisions and share information in real time because of the combination of remote sensing, AI-driven analytics, and precision agriculture. Finally, partnerships and collaborations integrate the knowledge of academic institutions, commercial sector players, and government agencies to improve NGO projects (Ijeoma & Ezejiofor 2013). In the end, multi-stakeholder partnerships make technology diffusion initiatives more effective and long-lasting by improving resource mobilization, knowledge sharing, and market accessibility. The total efficacy of NGOs in improving rural lives and agricultural productivity is determined by the combined influence of these elements (Attipoe et al., 2021).
5. Constraints Faced by NGOs
NGOs have a number of obstacles that limit their efficacy, despite the fact that they have made substantial contributions to the transmission of agricultural technology. Their capacity to carry out extensive interventions is frequently hampered by administrative issues, such as a lack of resources, lengthy bureaucratic processes, and intricate regulatory constraints (Gruber, 2023).  Obtaining steady funding is still a significant challenge that impacts their ability to reach a wider audience and maintain operations. Technological limitations present serious difficulties in addition to administrative ones (Greenhalgh et al., 2017). Access to contemporary technologies and digital platforms, which are essential for effective information distribution, is a problem for many NGOs. Additionally, farmers and field workers still struggle with digital literacy, which restricts their ability to effectively use cutting-edge agricultural technologies. In traditional agricultural communities, where opposition to change is prevalent, social and situational variables also have an influence on NGO-led projects (Maurel & Huyghe 2017). Due to ignorance, a fear of failing, or insufficient evidence of the advantages, farmers used to traditional methods may be reluctant to embrace new technology. It will need consistent community participation and trust-building activities to overcome these behavioural and cultural obstacles (Klerkx et al., 2019). NGOs also face further challenges from commercial and policy-related concerns. It is challenging for NGOs to develop long-term, scalable solutions because of unstable agricultural policy, erratic government assistance, and market instability. The adoption process of technology is further slowed down by policy gaps and a lack of coordinated efforts between NGOs and government agencies. Improving the influence of NGOs in the distribution of agricultural technology requires addressing these limitations via better cooperation, regulatory changes, and strategic planning (Rouhi et al., 2019).
6. Farmers’ Attitude Towards NGOs
Agricultural technology adoption is greatly impacted by farmers' perceptions of NGOs, which also have a direct impact on the effectiveness of dissemination initiatives. Farmers' faith and confidence in NGO-led projects are based on the programs' execution being inclusive, consistent support, observable benefits, and participatory decision-making. Farmers are more inclined to embrace new technology with assurance when NGOs continue to participate on a regular basis through follow-ups and advice services (Leiderer, 2015). Farmers' confidence in these treatments is further bolstered by proving quantifiable increases in revenue and productivity. Furthermore, farmers believe that their traditional methods are respected rather than displaced when local knowledge is included and cultural significance is ensured, which increases acceptability. Long-term sustainability and a sense of ownership are promoted by a participatory strategy in which farmers actively participate in decision-making and execution. Enhancing these elements not only changes farmers' opinions but also increases NGOs' overall influence in the spread of agricultural technology (Mills et al., 2017).
7. Future Prospects and Recommendations
The future of agricultural technology distribution led by NGOs hinges on bolstering institutional capacity, utilizing digital innovations, cultivating policies that are favourable, and encouraging community-driven projects (Berkhemer et al., 2015). Continuous training to improve the technical proficiency of farmers and NGO staff guarantees efficient knowledge transmission. Reach and efficiency may be increased by using digital tools like remote sensing technology, AI-driven advisory services, and mobile applications (Wishart et al., 2018). Securing long-term funding and expediting regulatory procedures require strong policy support through government-NGO partnerships. Long-term sustainability is promoted, and the effectiveness of agricultural interventions is increased by empowering farmer cooperatives and self-help organizations to take charge of technology adoption. A more effective, inclusive, and technologically advanced approach to agricultural growth will be ensured by fortifying these key sectors (Marrero et al., 2018).
8. Conclusion
NGOs have been an essential part in the spread of agricultural technology in Andhra Pradesh's North Coastal Region, helping to bridge the gap between scientific research and the local farming community. Their proactive involvement in market connections, technology transfer, advising services, and capacity building has greatly improved agricultural sustainability and production (Wishart et al., 2018). NGOs have been essential in updating the agricultural environment by encouraging information sharing and equipping farmers with creative techniques. However, administrative difficulties, budgetary constraints, technology gaps, and socioeconomic impediments frequently restrict their influence. The smooth implementation of new technology is hampered by a lack of finance, administrative roadblocks, farming communities' aversion to change, and a lacklustre digital infrastructure. Stronger partnerships between NGOs, governmental organizations, academic institutions, and private entities are crucial to addressing these issues. Technology diffusion may be greatly improved by a more inclusive and integrated strategy that makes use of cutting-edge digital solutions like artificial intelligence, mobile-based extension services, and precision farming instruments. Policies must be developed going forward to support NGOs by guaranteeing sufficient financing, efficient administrative procedures, and capacity-building programs for extension agents. To boost acceptance and adoption rates, community-driven strategies like farmer cooperatives and participatory decision-making should be promoted (Mohyuddin et al., 2024). NGOs may continue to have a revolutionary impact on the agriculture sector by overcoming current obstacles and establishing multi-stakeholder collaborations. In the end, their persistent work will help create an agricultural system that is more robust, technologically advanced, and sustainable, enhancing farmer livelihoods and guaranteeing long-term food security.
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